Post-starburst galaxies are typically considered to be a transition population, en route to the red sequence after a recent quenching event. Despite this, recent observations have shown that these objects typically have large reservoirs of cold molecular gas. In this paper we study the star-forming gas properties of a large sample of post-starburst galaxies selected from the cosmological, hydrodynamical EAGLE simulations. These objects resemble observed highmass post-starburst galaxies both spectroscopically and in terms of their space density, stellar mass distribution and sizes. We find that the vast majority of simulated post-starburst galaxies have significant gas reservoirs, with star-forming gas masses ≈ 10 9 M , in good agreement with those seen in observational samples. The simulation reproduces the observed time evolution of the gas fraction of the post-starburst galaxy population, with the average galaxy losing ≈90 per cent of its star-forming interstellar medium in only ≈600 Myr. A variety of gas consumption/loss processes are responsible for this rapid evolution, including mergers and environmental effects, while active galactic nuclei play only a secondary role. The fast evolution in the gas fraction of post-starburst galaxies is accompanied by a clear decrease in the efficiency of star formation, due to a decrease in the dense gas fraction. We predict that forthcoming ALMA observations of the gas reservoirs of low-redshift post-starburst galaxies will show that the molecular gas is typically compact and has disturbed kinematics, reflecting the disruptive nature of many of the evolutionary pathways that build up the post-starburst galaxy population.
INTRODUCTION
Ever since the first large-scale surveys revealed the diversity present in the galaxy population, understanding morphology has formed a key part of the study of galaxy evolution. Blue, starforming galaxies appear very common in the early universe, while more quiescent early-type galaxies (with a lenticular or elliptical morphology) begin to dominate at more recent times (e.g. Faber et al. 2007) . By redshift zero early-type galaxies contain ≈70 per cent of the stellar mass (Kelvin et al. 2014) , and dominate the galaxy population in dense environments (e.g. Oemler 1974; E-mail: DavisT@cardiff.ac.uk Dressler 1980) . Given the strong time evolution of these two populations a key aspect of modern astrophysics involves identifying and quantifying the different mechanisms that quench and morphologically transform galaxies.
As with many questions of this type, identifying the population of objects in transition from one type to another is crucial. One such candidate transition population are the post-starburst (PSB) galaxies, which are thought to have been caught in the midst of a rapid transition from star-forming to quiescent. These objects have very low star formation rates (as indicated by their lack of significant nebular emission lines), but strong Balmer absorption lines (indicative of a large population of A-and F-type stars). This suggests that these galaxies have only ceased forming stars in the past bil-lion years, potentially after a large burst of star formation (Dressler & Gunn 1983; Couch & Sharples 1987) . PSBs are thus among the best candidates for objects that have been quenched rapidly in their recent past. Some studies suggest around half of all galaxies have experienced quenching in this manner on their way to the red sequence (Martin et al. 2007; Wild et al. 2009; Smethurst et al. 2015; Wild et al. 2016) . Understanding which processes act to create such objects is thus clearly vital.
In order to quench a star-forming galaxy, and turn it into a quiescent system, a large part of the cold atomic and molecular gas reservoir needs to be rendered inhospitable to star formation, either through gas heating or removal. Until recently, however, the cold gas reservoirs of PSBs had not been systematically surveyed. The studies of French et al. (2015) and Rowlands et al. (2015) were among the first to show that significant reservoirs of molecular gas remain in PSBs. Further studies followed, shedding light on the molecular (e.g. Alatalo et al. 2016b; Yesuf et al. 2017) , atomic (Klitsch et al. 2017; Ellison et al. 2018) , and dust (Smercina et al. 2018) properties of such systems. Taken together, these studies show that large ISM masses are very common in the PSB galaxy population.
While studies of molecular gas reservoirs in early-type galaxies (e.g. Combes et al. 2007; Young et al. 2011; have shown that there is no need to remove the entire molecular reservoir of a galaxy during quenching, the large molecular gas reservoirs present in PSB galaxies (10 9 -10 10 M ) came as a surprise. Overall, it seems that star formation quenching in PSBs is not a result of gas exhaustion; there is no need to remove the molecular reservoir of a galaxy to trigger a PSB episode that could lead to quenching and galaxy transition.
How a galaxy, which still has a significant cold gas reservoir, can become quiescent is an open question, which we aim to address here by studying the star-forming gas of PSB galaxies within the cosmological, hydrodynamic EAGLE simulation Crain et al. 2015) . Pawlik et al. submitted recently studied a small sample of PSBs selected from EAGLE, and showed clearly that these objects follow a diverse set of evolutionary pathways. They did not, however, consider the gas properties of these systems in detail. Here we concentrate on understanding the cold gas in PSBs within EAGLE, selecting a large sample of objects at a range of redshifts. By comparing the observed PSB galaxies with those selected in the simulation we aim to shed light on their properties in the full cosmological context, and make predictions for resolved observations of the PSB galaxy population with e.g. the Atacama Large Millimeter/submillimeter Array (ALMA) and optical integral field studies such as MaNGA (Bundy et al. 2015) .
In Section 2 we describe the pertinent details of the EAGLE simulation we use, the selection of PSBs, and the observed comparison datasets. In Section 3 we describe the main results, before discussing and concluding in Section 4. Throughout the paper we use a ΛCDM cosmology with parameters Ω m = 1 − Ω Λ = 0.307, Ω b = 0.04825, h = 0.6777, σ 8 = 0.8288, n = 0.9611 (Planck Collaboration et al. 2014) .
METHOD

The EAGLE simulation suite
In this work we compare the observational properties of PSBs with simulated galaxies from the 'Evolution and Assembly of GaLaxies and their Environments' (EAGLE) project Crain et al. 2015) , which consists of a large number of cosmological hydrodynamical simulations with varying subgrid physics, size, and resolution. The simulations use an extensively modified version of (last described in Springel 2005) , a smoothed particle hydrodynamics (SPH) code. The main modifications are the formulation of the SPH scheme, the time stepping and the subgrid physics. Here we make use of the high time resolution outputs (referred to as 'snipshots') produced from the largest volume simulation ("Ref-L100N1504") . The model is comprehensively described in Schaye et al. (2015) and we will summarize its main properties here.
The simulation comprises of a cubic periodic volume measuring 100 co-moving Mpc on a side, containing 1504 3 dark matters particles of mass 9.7 × 10 6 M , and an equal number of baryonic particles with an initial mass of 1.8 × 10 6 M . The gravitational softening length is initially 2.66 co-moving kpc, but is limited to a maximum value of 0.7 proper kpc, which is reached at z = 2.8.
For gas with hydrogen number densities n H ≥ 10 −5 cm 3 a temperature floor of 8000 K is imposed. Additionally, a temperature floor T EoS is imposed at all densities. This takes the form of a polytropic equation of state P tot ∝ ρ 4/3 gas , where P tot is the total pressure and ρ gas is the density of the gas, normalized to T EoS = 8000 K at n H = 0.1 cm −3 .
In 'dense' gas, star formation is modelled according to the prescription from Schaye & Dalla Vecchia (2008) . The star formation rate (SFR) per unit mass depends on the gas pressure, and reproduces the observed Kennicutt-Schmidt law (Kennicutt 1998) by construction. Following Dalla , gas is eligible to form stars when it has a temperature within 0.5 dex of T EoS and a density exceeding n H = 0.1 cm −3 Z 0.002
, where Z is the gas metallicity (Schaye 2004) . Because the true, multiphase structure of the ISM is not resolved, the gas temperature reflects the effective pressure and the density should be interpreted as the mean density of the ISM. In this work, where we wish to compare the simulated galaxies' molecular ISM to observed samples, we assume that all of the star-forming gas particles are molecular gas dominated. This has been shown to provide a reasonable estimate of the molecular gas mass (Lagos et al. 2015) .
The abundances of eleven elements released by massive stars and intermediate mass stars are followed as described in Wiersma et al. (2009b) . The simulation assumes the stellar initial mass function (IMF) of Chabrier (2003) , ranging from 0.1 to 100 M . Radiative cooling and heating are computed element by element in the presence of the cosmic microwave background radiation and the Haardt & Madau (2001) model for the ultraviolet/X-ray background from galaxies and quasars, assuming the gas to be optically thin and in (photo-)ionization equilibrium, as in Wiersma et al. (2009a) .
Feedback from star formation is implemented using the prescription of Dalla by injecting energy purely in thermal form. Neighbouring gas particles are selected stochastically (depending on the available energy) and then heated by a fixed temperature increment of 10 7.5 K. The amount of energy available depends on the local gas density and metallicity and its parameters were chosen to approximately reproduce the observed z = 0 galaxy stellar mass function and galaxy sizes Crain et al. 2015) .
The model for the formation of and feedback from supermassive black holes (SMBHs) is fully described in Rosas-Guevara et al. (2015) and Schaye et al. (2015) . A black hole seed of 1.4 × 10 5 M is placed in every halo with mass M halo 1.4 × 10 10 M that does not already contain a black hole . These black holes grow by the accretion of gas, after which energy is in- Figure 1 . Specific star formation history (black line) for an example post-starburst galaxy. The red vertical line indicates t PSB , determined as described in Section 2.3, while the grey shaded area indicates the PSB period (t PSB to t PSB − 600 Myr). t burst is indicated by the orange line. Green vertical dashed lines show the coalescence time for each of the > 1 per cent stellar mass fraction mergers this object experiences. Also shown as a blue curve is the instantaneous AGN accretion rate in this object. Our selection method cleanly identifies the large sSFR drop in this object, flagging it as a PSB candidate.
jected into the surrounding medium, and by (black hole -black hole) mergers. A fraction of 1.5 per cent of the rest-mass energy of the gas accreted onto the black hole is injected into the surrounding medium in the form of heat, by increasing the temperature of at least one neighbouring gas particle by 10 8.5 K. This efficiency was chosen to obtain a good match to the local relation between galaxy mass and black hole mass .
These simulations were not calibrated to reproduce any observable gas properties. However, they have been shown to reproduce a number of observations reasonably well, such as the H I column density distribution and covering fraction (Rahmati et al. 2015) , the H I and H 2 content of galaxies with stellar mass above 10 10 M (Lagos et al. 2015; Bahé et al. 2016; Crain et al. 2017) , and the dependence of the H I mass on environment (Marasco et al. 2016) . However, the predicted soft X-ray luminosity and halo gas mass fraction in groups and clusters are somewhat higher than observed , whilst there may not be sufficient cool gas in low-mass galaxies . The simulation also reproduces stellar properties, such as the observed colour-magnitude diagram (Trayford et al. 2015) , the evolution of the galaxy mass function , and galaxy sizes (Furlong et al. 2017 ).
Identifying haloes and galaxies
In order to identify haloes, dark matter haloes are first identified using the Friends-of-Friends (FoF) algorithm. If the separation between two dark matter particles is less than 20 per cent of the average dark matter particle separation, they are placed in the same FoF group. Baryonic particles are assigned to a FoF group that their nearest dark matter particle is part of. The SUBFIND (Springel et al. 2001; Dolag et al. 2009 ) algorithm is then applied to the FoF output to find the gravitationally bound particles and to identify subhaloes. The galaxy containing the minimum of the gravitational potential is referred to as the central galaxy, with the remainder referred to as satellites. Note that when the central and satellite are of a very similar mass there is ambiguity in the interpretation of this label.
In this paper, we use the most bound particle of a halo or subhalo, as found by SUBFIND, as the halo or galaxy centre. As mentioned above, satellites are subhaloes of a larger structure and may or may not have their own dark matter halo. Stellar mass, M * , is measured using the star particles associated with the galaxy's subhalo, but only including those within 30 proper kpc of the galaxy's centre in order to exclude intra-halo stars. For each galaxy the starforming gas mass is calculated by summing the masses of starforming gas particles within the galaxy's subhalo, again within 30 kpc of the centre.
Selecting PSBs
Post-starburst galaxies have, by definition, undergone a strong recent truncation in their star formation history. Such truncations must be rapid in order to produce the observed spectral signatures, which (dependent on the observational method) can remain observable for ≈0.6 -1 Gyr (e.g. Wild et al. 2010; French et al. 2018b) .
In this work we select our PSB candidates by examining the star formation histories (derived from the formation times and initial masses of the stars present in each galaxy) for all massive (M * > 10 9.5 M ) galaxies in the "Ref-L100N1504" simulation. In order to be selected as a PSB candidate, a galaxy must initially be star-forming, with a specific star formation rate (defined as the SFR per unit stellar mass; SFR/M * ) of a least 5 × 10 −11 yr −1 , and then experience a sSFR drop of a least a factor of 5 within a period of 600 Myr. We chose this timescale as it is well resolved by the eagle snipshots (which have a mean spacing of ≈60 Myr). We note that although the number of objects selected changes if one were to change both the timescale and sSFR drop selection cuts, the conclusions derived in this work remain robust. Figure 1 shows an example star formation history for one simulated galaxy selected as a PSB by our method. We repeat this selection every 0.5 Gyr between z = 0 and z = 2, adding objects that meet our selection criteria (but were not selected in previous time steps) to our sample. This procedure crucially allows us to select high redshift objects that undergo mergers with larger objects at low redshifts, obscuring the drops in their combined z = 0 star formation histories. We do not attempt to select objects beyond z = 2.5 in this study. This selection results in a sample of 1244 post-starburst candidates. A small fraction of these objects (≈2.7 per cent) have multiple PSB episodes (separated by more than 600 Myr) during their evolution.
For each object, we define t PSB as the look-back time at the start of the 600 Myr window which contains the largest sSFR drop. We note, however, that this time is not defined in the same way Principle components for all of the simulated PSBs at t look−back =3 -4 Gyr (red points; including PSB718) and the rest of the galaxy population in the simulation at that z, showing that the simulated PSB's clearly stand out in this space, and the vast majority would be selected by spectroscopic selection criteria.
as one might do observationally, based on age dating of starburst signatures. By inspection of the star formation histories of our objects, we find a typical delay of 200 Myr between the peak of a star formation burst and the period of maximum sSFR suppression (see Section 3.4). Thus in order to provide a better observational comparison we define the look-back time to the starburst as t burst = t PSB + 200 Myr.
Defining a control sample
As we are able to select a large sample of PSB candidates over a wide range of redshifts, it is important to construct a dedicated control sample with which to compare their properties. We therefore randomly selected 10 comparison objects per PSB, which have the same stellar and star-forming gas mass (within a tolerance of 0.1 dex) as the PSB candidate in the snipshot closest to t PSB .
Observational comparisons
Many studies of PSBs have been conducted, using different selection methods, and targeting galaxies at a large range of redshifts. In this work we are primarily interested in understanding the evolution of the cold ISM in PSBs, however, and so the majority of our comparisons will be to the observational samples who have obtained molecular gas observations and where burst age estimates are available in the literature. The first sample we consider, from French et al. (2015) , uses a spectroscopic selection method, requiring objects to have strong stellar Balmer absorption lines (characteristic of a recent starburst), and little nebular emission (Hα equivalent widths < 3 Å in the rest frame). The second sample, by Rowlands et al. (2015) , uses the principle component analysis (PCA) based spectroscopic selection method introduced by Wild et al. (2007) , which selects high burst mass fraction, long duration starbursts/post-starbursts (French et al. 2018b) . The third sample is the shocked post-starburst galaxy sample of Alatalo et al. (2016a) (with molecular gas measurements presented in Alatalo et al. 2016b) , who select galaxies with deep Balmer absorption lines and emission line ratios which are inconsistent with star formation (and which could be from shocks). We note that we do not compare to the sample of green-valley PSB galaxies which also host Seyfert-type AGN activity from Yesuf et al. (2017) , because although molecular gas observations are available, age estimates for the PSB activity are not.
These data form the bulk of our comparison set, together comprising 74 galaxies between z = 0 and z = 0.2 with molecular gas observations, spanning two orders of magnitude in stellar mass (10 9.5 -10 11.5 M ). Where we compare with other surveys beyond these (for instance in order to extend to higher redshifts) this is discussed explicitly in the text.
RESULTS
Do EAGLE PSBs resemble those observed?
We identified a large population of galaxies that recently had a large drop in sSFR within the simulation. However, observational studies of PSBs are not able to select their candidates using the star formation histories (SFHs) directly, and instead rely on observational proxies. Typically these selection methods revolve around obtaining galaxy spectra, and searching for strong A-type star signatures, such as a strong 4000 Å break, and strong Balmer absorption lines (Dressler & Gunn 1983) .
In order to determine if our objects would be selected by such methods we created mock spectra of our simulated PSBs. Each stellar particle in our simulated galaxies has an associated age and metallicity. We used these parameters along with the (e-)MILES (Vazdekis et al. 2010 (Vazdekis et al. , 2016 single-stellar population (SSP) library (with a Chabrier IMF and stellar isochrones from Pietrinferni et al. 2004 ) to generate a stellar emission spectrum for each particle, which we then blue/red-shifted to take into account the mean motion of the star particle around the galaxy centre of mass. We neglected the effects of α-enhancement and dust extinction here, but do not expect this to substantially alter our results. The final spectrum of each galaxy was then derived as the mass-weighted sum of the individual particle spectra. A representative example is shown in the left panel of Figure 2 . This object underwent a 0.82 dex drop in its sSFR at z ≈ 0.28, and this spectrum (produced 200 Myr after the onset of this drop) shows clear PSB signatures (i.e. a very strong Balmer break, and excess strong Balmer absorption).
In order to quantify this further we calculated the spectral indices of Wild et al. (2007) for our mock spectra. These indices are defined from a PCA performed on a set of Bruzual & Charlot (2003) model spectra with exponentially declining SFHs and additional superimposed random bursts. The PCA results in a set of eigenvectors ordered by the amount of variance that they account for in the library of spectra. The projection of any spectrum onto the eigenvectors results in a set of principal component amplitudes, which describe the strength of the features in the spectrum. The first principal component amplitude (PC1) is related to the strength of the 4000 Å break (equivalent to the D n 4000 index), and PC2 is the excess Balmer absorption (of all Balmer lines simultaneously) over that expected based on the 4000 Å break strength. The advantage of this method is the significant improvement in signal-to-noise ratio over the traditional method of measuring the Hδ absorption line alone. See Wild et al. (2007) for full details.
The strength of the different principle components allows for a clean selection of PSB candidates. In the right panel of Figure 2 we show as an example PC1 against PC2 for all simulated galaxies between look-back times of 3 and 4 Gyr (z ≈ 0.3), with our simulated PSBs highlighted in red. The PSB spectra are calculated at t PSB . While a host of model uncertainties (e.g. with stellar population models, dust corrections etc.) are present, the simulated PSBs are clearly distinct from the rest of the population, and the majority would be cleanly selected as a PSB by the PCA method if observed around t PSB .
Other methods of selecting PSBs also exist, and each has a different set of strengths, limitations, and biases (Goto 2005; Goto et al. 2008; Yan et al. 2009; Alatalo et al. 2016a ). This test demonstrates, however, that the simulated PSBs, selected as described in Section 2.3, have the correct features required to be selected observationally and thus it is reasonable to use these systems to understand the evolutionary processes shaping the observed PSBs. Figure 3 shows a comparison of the stellar masses of the simulated PSBs (at t PSB ; shown in red) to the stellar masses of the low redshift molecular gas rich PSB galaxies from our comparison sample (shown in blue) and to the stellar masses of the complete sample of low redshift PSB galaxies from Pawlik et al. (2018) (shown as a dashed green histogram) . The masses calculated from the simula- tion take into account stellar evolutionary processes such as mass return to the ISM, and include stellar remnants.
Stellar masses
The simulated PSB galaxies are higher mass, on average, than those found observationally in complete surveys. This suggests EA-GLE may struggle to reproduce these lowest mass PSB galaxies (perhaps due to its limited mass resolution). Despite this, the simulated PSBs do reproduce the stellar mass distribution of the objects observed in molecular gas well. A Kolmogorov-Smirnov test conducted on the mass distribution of the simulated PSBs and the CO observed galaxies returns as probability of 0.27, thus we are unable to reject the hypothesis that the stellar masses of the observed and simulated galaxies are drawn from the same distribution. The EA-GLE galaxies thus seem to have a mass distribution similar to our gas rich comparison objects, and thus can act as a fair comparison sample.
Breaking down the stellar mass distribution as a function of time, we find that the stellar masses of the selected PSBs in EAGLE show essentially no redshift dependence. At low redshifts the median stellar mass of the simulated PSBs is 10 10.3 M . It increases marginally to 10 10.5 M at z = 0.7, and then declines slightly to 10 10.4 M at z = 1.5. This is somewhat at odds with the results of several observational studies (e.g. Wild et al. 2016; Rowlands et al. 2018a) , which do find significant evolution in the PSB mass function. This discrepancy is likely due to the anomalously small number of PSBs at low masses within EAGLE. Figure 4 shows the median half-mass radius of the stellar component of the simulated PSBs (red line) as a function of time. The shaded region around the median denotes the 16th and 84th percentiles (i.e. the 1σ scatter). We also plot the size evolution of the control population (blue dashed curve). One can immediately see that the median sizes of the simulated PSBs are always smaller than those of the control galaxies. This size discrepancy increases with redshift, from a factor of 0.1 dex at z = 0, up to 0.3 dex at z = 2. We do, however, note that size of objects in the simulations become uncertain as they approach ∼3 times the gravitational softening length ( baryon , shown as a dotted black line in Figure 4 ). As the sizes of the simulated PSBs at high redshift decrease below this limit they should be treated as upper limits.
PSB sizes
The strong radius evolution of the PSB population agrees with that found in several recent studies (e.g. Almaini et al. 2017; Maltby et al. 2018; Wu et al. 2018) . Maltby et al. (2018) in particular studied the size evolution of observed high redshift PSBs and their parent population in two redshift slices. Although their lower redshift sample is not comparable to our simulated galaxies due to a different stellar mass distribution, the higher redshift galaxies can be directly compared, and are shown as red and blue datapoints (with associated errors) in Figure 4 . These observational size estimates appear consistent with those from the simulation, especially given the different measurement techniques (half mass radii are defined in 3 dimensions in this work, while half light radii were measured as projected on the sky in Maltby et al. 2018 ) and the resolution limit of our simulations.
PSB number densities
Given that we have been able to track the PSB population in the simulation across cosmic time, it is interesting to consider whether the number density of sources we find matches that found in observations. Figure 5 shows the number density of simulated PSBs with M * > 10 10.6 M (where this mass cut was adopted in order to match the selection cuts within the observations, and ensure we are not affected by the lack of low-mass PSBs in EAGLE) plotted as a function of look-back time in 600 Myr bins. We find an increasing trend in the PSB number density out to a look-back time of ≈8 Gyr (z≈1), after which it begins to decline. Also shown as coloured data-points with error bars are the measurements of PSB number densities from the studies of Wild et al. (2016) ; Rowlands et al. (2018b) and Forrest et al. (2018) , which (given their differing methods and selection criteria) agree reasonably well with those extracted from the simulations. This suggests that the observed decline in the number density of high-redshift PSBs may be physical, and not a consequence of high-redshift PSBs being heavily obscured.
In conclusion, the simulated PSBs selected as described in Section 2.3 have similar stellar masses, stellar sizes and number densities to observed PSBs, giving us confidence that we are selecting comparable objects. Below we compare the gas properties of these objects, and make predictions for future observations.
Cold gas content
In the preceding sections we have shown that we are able to select PSB galaxies from the EAGLE simulations that resemble observed PSB galaxies. We here go on to study the star-forming gas properties of the simulated PSBs, how these match those of observed PSBs, and what these diagnostics tell us about the evolution of these objects. Figure 6 shows the star-forming gas mass of the simulated PSBs, split into four redshift bins. As observed PSBs are captured at different times during their PSB phase, we here sample the gas mass of each simulated object six times after t burst , at 100 Myr intervals (the results are not sensitive to this choice of time sampling). Our simulated PSBs have star-forming gas masses between 10 7 and 10 10.6 M . A small fraction (<5 per cent) of the PSBs in each redshift bin are totally free of star-forming gas at the mass limit of our simulation, as shown by the histogram bar at 10 7 M with an arrow head. The median gas mass in each redshift bin is shown as a red vertical line. We find very little evolution in the star-forming gas content of PSB galaxies across cosmic time. The median starforming gas mass evolves as ≈ (1 + z), very slowly compared with the observed strong redshift evolution of the total molecular gas content of galaxies over this time period (≈ (1 + z) 2.5 ; Maeda et al. 2017 ).
Given the above, it is interesting to see how these gas mass estimates compare with the molecular gas observations in our comparison set (described in Section 2.4). Figure 7 shows a histogram of the frequency density function for the star-forming gas mass in our low redshift simulated PSBs. The gas masses extracted from EAGLE (as described above) are shown as a black dashed histogram, which substantially underestimates the derived gas masses of the combined sample of observed galaxies, shown by the red solid histogram. However, this is likely because the observations suffer from a selection bias, where faint CO emitters can only be detected when they are in nearby objects. The sub-sample of nearby PSBs from Rowlands et al. (2015) were all detected, and the molecular gas masses of these objects are consistent with being drawn from the simulated distribution. The subsamples of objects from French et al. (2015) and Alatalo et al. (2016b) are observed out to much greater distances, however, and as such only the galaxies with more massive cold gas reservoirs are detected.
These observational samples have reasonably similar flux limits, which allows us to make a simple estimate of how incompleteness would affect the derived PDF by inverting the maximumvolume method typically used to correct flux-limited samples (Schmidt 1968) . We do this by assuming the observations reach a fixed CO flux limit of ≈3 mK (in main-beam temperature). This allows us to calculate the maximum distance which each of our simulated PSBs would have been detectable at. The correction derived scales with the assumed CO-to-H 2 conversion factor (X CO ), but as these low redshift PSBs are metal-rich we here assume a typical galactic value from Dickman et al. (1986) . Applying this V max correction results in the solid black histogram in Figure 6 , which (given the uncertainties) agrees well with the observed molecular gas mass PDF.
We note that limiting the redshift range considered in this anal- Figure 6 . Star-forming gas masses of the simulated PSBs evaluated at six times during their 600 Myr PSB phase, split into four redshift bins (as indicated in the legend). The red vertical lines denote the median. Gas-free galaxies have been included in the (otherwise empty) bin at 10 7 M , and are indicated by the arrow head. There appears to be little redshift evolution in the star-forming gas mass function of PSB galaxies, at least out to z ≈ 1.
ysis to match that probed by the observed sample (z ≈ 0.2) leads to the simulated PSB star-forming gas mass function being badly sampled at the high-mass end (due to the limited volume probed by the simulations as compared to the observations). This lack of the rare, but bright, objects would lead to an ≈0.3 dex underestimate of the PSB star-forming gas mass function. Given the negligible starforming gas mass function evolution found out to z ≈ 1 (see Figure  6 ) we overcome this by extending the redshift range considered out Figure 7 . Probability density distribution for the star-forming gas mass in our simulated PSBs at z < 0.8. This is shown directly as found within the simulation (dashed black histogram), and with a simple correction for selection bias as described in the text (solid black histogram). Our simulated galaxies match well the observed star-forming gas mass distribution (red solid histogram).
to z ≈ 0.8, providing a better sampling of the PDF, and obtaining good agreement with the observations. From our selection-bias corrected PDF (in Figure 7) we can estimate the detection rate we would expect the observational surveys to reach if their objects were randomly drawn from our simulated PSB population. At the flux completeness limit listed above we would predict a detection rate of ≈45 per cent, which (given the simplicity of our approach) matches well with the detection fraction of 53 per cent found in French et al. (2015) . This shows that the detection of large gas reservoirs in PSBs, as recently found by a series of authors, is to be expected, and is a natural consequence of the mechanisms causing the PSB episode, which we consider further in Section 3.5.
Cold gas evolution
Recent work by French et al. (2018b) used a spectral synthesis method to determine the time since the PSB episode began for our observational comparison sample galaxies (those from French et al. 2015; Rowlands et al. 2015; Alatalo et al. 2016b) . They use these times to consider the evolution of the cold gas mass in PSB objects, and determine that a relatively quick evolution is ongoing, with an exponential decay timescale of ≈117-230 Myr. They use this as evidence to support a role for active galactic nuceli (AGN) in quenching PSBs. The amount of emission from polycyclic aromatic hydrocarbons in PSBs also seems to be decreasing quickly with post-burst age, supporting a rapid evolution of the ISM during this phase (Smercina et al. 2018) . Both of theses studies were, however, hampered by lack of knowledge on the initial gas/dust fractions of their objects. We thus here check whether the simulated PSBs reproduce the trend seen in French et al. (2018b) , and if a consistent picture emerges for the evolution of the cold gas mass content of galaxies after their PSB episode.
In Figure 8 we show (as coloured pixels) the ratio of starforming gas mass to stellar mass in each of our simulated PSBs at 100 randomly selected times (in the range −1 to +1.2 Gyr) around t burst . Also plotted as black points (with their respective error bars) are the measurements of our observational comparison sample (French et al. 2018b ). The vast majority of the measurements fall within regions well sampled by our simulated PSBs, Figure 8 . Ratio of the star-forming gas mass to stellar mass in the simulated PSBs in the period around their PSB episode (where pixels show the logarithm of the number of points in that bin as colour). Shown as black points with errors are the observational estimates of gas fractions and post PSB event times from French et al. (2018b) . The simulations match the observed decline in the gas-to-stellar mass fraction as a function of time.
suggesting the simulations can well reproduce the observed time evolution of the star-forming gas mass fraction.
We note that several of the different evolutionary pathways for PSBs highlighted in Pawlik et al. submitted are also visible in the late time evolution of PSBs in Figure 8 , with some galaxies continuing to lose gas mass (consistent with a blue-to-red evolution) while others begin to rebuild their star-forming gas reservoir (a blue-to-blue evolutionary pathway).
Given the reasonable agreement between the observations and simulations on the post-burst evolution of the gas-to-stellar mass fraction in PSB population, it is interesting to determine if there is an underlying relation, and how individual objects evolve.
In Figure 9 we show the evolution of the gas-to-stellar mass fraction as a function of time after the onset of the PSB episode, normalised by the initial gas fraction of each galaxy at t burst = 0. Normalising the gas-to-stellar mass fraction removes much of the scatter seen in Figure 8 , revealing a reasonably tight relation between post-burst age and (normalized) gas-to-stellar mass ratio. The median relation is shown as a black dashed line, which declines for ≈0.6 Gyr, before flattening. In order to compare the relative timescales for these processes we fit the distribution with a double exponential function (Equation 30 in Erwin 2015) using the IDL implementation of the mpfit algorithm (Markwardt 2009 ). The best-fit is shown as red line in Figure 9 . We find that the initial decline of the star-forming gas-to-stellar mass fraction is consistent with a fast exponential decay with a characteristic timescale of ≈ 300 ± 10 Myr. This is similar to the decline time found in both Wild et al. (2010) and Rowlands et al. (2015) , and a little longer than the gas fraction depletion timescale in French et al. (2018b) . After a period of ≈620±50 Myr this decay transitions to a slow decline with a typical timescale of 3±0.5 Gyr, reasonably consistent with the usual molecular gas depletion timescale of spiral galaxies (≈2 Gyr, e.g. Bigiel et al. 2008) , suggesting whichever violent event is depleting gas early on after the PSB event is typically no longer dominant after this time.
In order to determine what fraction of our galaxies follow the relation shown in Figure 9 we fitted an exponential function to the first 600 Myr of evolution of each galaxy after their PSB event. A galaxy was considered to be following the median trend if the gradi- Figure 8 , but showing the ratio of the star-forming gas mass to stellar mass, normalised by the initial gas fraction in our low redshift simulated PSBs (z < 1) at t burst . Also shown as a black dashed line is the median trend, while the solid red line is the best fit broken exponential with a decay timescale of ≈350 Myr and break time of ≈600 Myr. ent of their gas fraction evolution with time is the same (within the fitted error) as that for the whole population. Interestingly, around 70 per cent of PSBs follow the median trend, suggesting that Figure  9 does trace an evolutionary pathway which is followed by many PSBs, despite the many possible mechanisms depleting their gas (see Section 3.5).
Star formation efficiency evolution
Many PSBs are thought to have undergone a recent burst of star formation, perhaps thanks to a recent merger or accretion episode. Such bursts seem to increase the efficiency of star formation, as observed in some luminous and ultra-luminous infrared galaxies (e.g. Daddi et al. 2010; Genzel et al. 2010 ). Observationally, galaxies in a PSB phase have a longer gas consumption timescale (defined as T dep ≡ M gas,sf /SFR) than is typical in normal spiral galaxies, possibly due to these systems having a low dense gas-fraction (French et al. 2018a) . In this way PSBs are similar to early-type galaxies, which also host residual low-efficiency star formation (e.g. Saintonge et al. 2011; Davis et al. 2014) . Indeed, the longest gas depletion times are found in early-type galaxies which have recently undergone a gas-rich minor merger (Davis et al. 2015; van de Voort et al. 2018) .
Due to the finite mass limit and the way star formation is parameterised in the EAGLE simulations there is only a limited range of depletion times which are allowed by the sub-grid model, depending on the gas pressure (or equivalently its density; see Section 2). Despite this, it is interesting to see whether any of the observed trends in depletion time are reproduced in our simulated objects. In Figure 10 we show the depletion time as a function of time relative to t burst for each of our simulated PSBs. The interpolated evolution of the depletion time in each object is sampled every 0.1 Myr, creating a 2D histogram. The median trend, and 16th, and 84th percentile of the distribution are indicated with red/orange solid and dot-dashed curves for PSBs at z > 0.5 and z < 0.5, respectively. Where available, we also show the depletion time of the comparison sample objects from French et al. (2015) and Rowlands et al. (2015) , shown as black points (or black triangles for those with measured depletion times > 10 Gyr).
The majority of simulated PSBs form a sequence with fairly constant depletion times (of ≈1 -1.5 Gyr, dependent on redshift) before their PSB incident. A small number of (primarily high redshift) PSBs have efficient starbursts during this time (with depletion times below ∼300 Myr), typically caused by ongoing mergers. Around t burst there is a significant increase in the fraction of galaxies undergoing efficient starbursts, with ≈16 per cent of objects in the time period t burst ± 0.2 Gyr having depletion times below ∼300 Myr. We note that this fraction is redshift dependent, with only 6 per cent of PSB objects at z < 1 undergoing such a clear burst of high efficiency star formation. This does not mean that other objects at low redshift did not experience a burst of star formation, but rather that any burst that may be present had a normal SFE.
After the PSB phase starts, we see a clear shift towards longer depletion times, with the median object doubling its depletion time (from ≈1 to ≈2 Gyr), and many objects reaching the longest depletion times allowed by the EAGLE subgrid model (≈3.5 Gyr for high metallicity gas at the lowest ISM densities). While this evolution is small compared to that present in the observed PSBs, given the parameterised star formation model of EAGLE this difference is significant, and below we attempt to understand its origin. Figure 11 shows the half-mass size of the star-forming gas in the high redshift simulated PSBs, plotted as a function of time around t burst . The median trend, and 16th and 84th percentile of the 2.5 > z > 0.5 distribution are indicated with red solid and dotdashed lines respectively, while these quantities for low-redshift (z < 0.5) galaxies are shown as orange curves.
The median half-mass size of the gas reservoir in the simulated PSBs decreases from ≈10 (proper) kpc to ≈3 kpc just before the PSB event. This compaction is likely caused by the inflow of gas (e.g. Zolotov et al. 2015) . This inflow is due to dissipation during a merger in many cases, but can also be due to environmental effects (e.g. ram pressure stripping unbinding and heating gas from the outer parts of galaxies).
After t burst the median size of the gas reservoir remains compact for at least a Gyr, at least at low redshifts. However in z > 0.5 PSBs the median size of the gas reservoir appears to increase, and after ≈0.3 Gyr returns to approximately the same size as before. This is despite an ≈5 fold decrease in the gas mass present (see Figure 9 ), implying that the mean gas density is significantly lower. This trend of increasing post-burst half-mass gas size at higher redshift is driven by the higher fraction of increasingly gas rich mergers, which result in disturbed, non-equilibrium gas structures (such as tidal tails). Thus the median size reported in Figure 9 should not be interpreted as the size of the remaining equilibrium gas structures in these galaxies -which can be significantly more compact.
While the ISM model in EAGLE is simplified (putting starforming gas on an effective equation of state) it is possible to consider how the relative density of the ISM changes over the PSB episode. Figure 12 shows the "dense gas fraction" -here defined as the mass fraction of star-forming gas above a hydrogen number density of 1 cm −3 (a factor of 10 above the star-formation threshold), as a function of time around t burst . The median trend, and 16th and 84th percentiles of the distribution are indicated with red solid and dot-dashed curves respectively for high redshift PSBs, while these quantities for low-redshift (z < 0.5) galaxies are shown as orange curves. We caution that these values cannot be directly compared to those computed from e.g. observed HCN emission (French et al. 2018a) . Instead this is simply a summary statistic that can reveal why the SFE in the simulation changes -which may plausibly be the same mechanism (on different scales) as probed by the observations.
The median dense gas fraction is high in the simulated PSBs before their PSB episode, with >50 per cent of the gas mass resid- Figure 10 . Evolution of the gas depletion time during the period around the PSB phase of each of our simulated galaxies. Shown in red and orange curves are the median (solid curve) and 1σ scatter (dot-dashed curve) for the high redshift (z > 0.5) and low redshift (z < 0.5) PSBs, respectively. Also shown as black datapoints are the observations of French et al. (2015) and Rowlands et al. (2015) . The longest depletion times allowed by the EAGLE subgrid star formation model is ≈ 10 9.55 Gyr for a high metallicity gas at the lowest ISM densities. A clear evolution to longer depletion times is seen after the PSB event (black dashed line). Figure 11 . As Figure 10 , but showing the half-mass size of the star-forming gas in the simulated PSBs, as a function of time around the start of their PSB episode. The median trend is for compaction of the gas reservoir to occur during the 2 Gyr before the PSB episode. After the PSB phase begins the reservoir expands at high redshift, but stays compact at low redshift.
ing in particles with densities >1 cm −3 when one averages over all redshifts. At low redshift the median dense gas fraction is somewhat lower, with around 30 of the mass above this density threshold. The dense gas fraction increases slightly at the time each object becomes a PSB, before decreasing markedly, at a similar rate to which the SFE itself declines.
Figures 11 and 12 paint a consistent picture, where PSB galaxies evolve to have long depletion times due to a lower dense gas fraction (as suggested by French et al. 2018a) . We predict that future resolved molecular gas observations would find compact molecular reservoirs in low-redshift PSBs, and possibly larger sizes in their higher redshift analogues. Size measurements made using integral-field spectroscopy, or photometry in the rest-frame blue/ultraviolet may also be able to observe the same trend. Figure 10 , but showing the dense gas fraction (here defined as the fraction of the star-forming gas mass above hydrogen number densities of 1 cm −3 ), as a function of time around the start of the PSB episode of each galaxy. The dense gas fraction increases up until the PSB episode, and then decreases, lowering the SFE. Figure 13 . As Figure 10 , but showing the instantaneous AGN accretion rate of the simulated PSBs, divided by the median accretion rate in every individual objects control galaxies. This is plotted as a function of time around the PSB episode of each galaxy. Low and high redshifts show the same dependance. Only around the beginning of the PSB episode do our PSB canadidates have slightly higher than average accretion rates.
Quenching mechanisms
As discussed in Section 3.3, the initial evolution of the star-forming gas-to-stellar mass ratio in the simulated PSBs is fairly rapid (see Figure 9) , with an exponential decay timescale of ≈ 300 Myr. While this is somewhat slower than the ≈117-230 Myr found by French et al. (2018b) , it is fast compared to gas depletion times typically observed for unperturbed galaxies. Star formation driven winds do not seem to be dominant cause of gas removal in these systems, because the majority of the gas removal seems to be happening hundreds of millions of years after the star formation rate has already dropped. Observational evidence suggests that a variety of processes can be important in producing PSB galaxies (e.g. Wu et al. 2018) . Within the simulation it is possible to narrow the potential causes of this rapid evolution, and reveal the processes quenching PSBs.
AGN activity
AGN have been implicated in the removal of gas from PSBs, so we here consider their prevalence and importance in quenching our simulated PSBs.
Non-zero black hole accretion rates are ubiquitous in EAGLE, and hence it is vital to compare the accretion rates of our PSB subsample with the equivalent activity in each individual objects mass-matched control sample. Although ≈1/3 of our PSBs have detectable (here defined as L bol > 10 43 erg/s) bursts of AGN activity during the 600 Myr period of their PSB episode, we find that only a small fraction (≈9 per cent) show any signature of enhanced AGN accretion (here defined as a peak accretion rate > 3σ above the median level in the control population) during this period. A similar fraction of PSBs have enhanced mean accretion rates (when averaging over the whole 600 Myr PSB period) than the control sample objects. The fraction of objects with enhanced AGN activity increases only slightly (to ≈10 per cent) if one also considers the period up to 300 Myr before the PSB phase begins, where starbursts are important. This is shown in more detail in Figure 13 , which shows the black hole accretion rate (computed using Equation 1 in McAlpine et al. 2017 and evaluated instantaneously at the time of each output snipshot) of the simulated PSBs divided by the median accretion rate in that objects control sample, as a function of time for the period around t burst . The median trend, and the 16th, and 84th percentile of the distribution are indicated with red solid and dotdashed curves respectively. The PSBs span over 7 orders of magnitude in this space, reflecting the strong temporal variability in AGN accretion (see Fig 1 in McAlpine et al. 2017) . As a population the PSBs have somewhat lower accretion rates on average than the control galaxies at almost all times, apart from at t burst , when starbursts are occurring. This may be because the black-holes in these systems have yet to enter a rapid growth phase (see McAlpine et al. 2018; McAlpine et al. in prep) . Overall this suggests the AGN are important in removing the gas from some objects, but cannot be the sole cause, as accretion rates are very low for some objects going through a PSB episode.
This statistical view of the population is confirmed when one considers the individual histories, such as the one shown in Figure 1 , where there is little to no correlation between the AGN activity and the the PSB episode itself. However, although EAGLE tracks the accretion rate onto the SMBH sink particles within the simulation, the time resolution with which these are output is much lower than the variability timescale of AGN, and thus it is possible we are missing important energy injection episodes. In addition, it is somewhat tricky to determine if any AGN activity present is actually the true cause of gas removal, as it often coincides (and is likely triggered by) the presence of other mechanisms (for instance mergers) which funnel gas towards the SMBH and may also remove it from the system. Given these caveats, the above values should be treated with caution, but still suggest that AGN are not the dominant cause of gas removal in PSB systems in EAGLE.
Environmental Quenching
The higher incidence of PSB galaxies observed in the densest environments (Paccagnella et al. 2018) suggests that the processes operating in the most massive haloes, such as ram pressure stripping (Gunn & Gott 1972 ) may play a role in these objects. Of our simulated galaxies 240/1244 (19 per cent) become a satellite within ±0.5 Gyr of t burst . This percentage is consistent with observational estimates of the fraction of PSBs in denser environments (e.g. Zabludoff et al. 1996; Paccagnella et al. 2018) , and suggests Figure 14 . Median merger rate in the gigayear surrounding the start of the PSB episode of each of the simulated PSBs, divided by the merger rate of the control galaxies in the same period. This is shown as a function of the minimum merger mass ratio. The relation for the PSB population is shown as coloured curves, split into gigayear intervals. Also shown are summary curves for low (t look−back < 6 Gyr) and high (t look−back > 6 Gyr) redshifts. PSB have enhanced merger rates at all times, but major mergers are substantially enhanced (by up to an order of magnitude) at low redshifts.
that environment may well be important in triggering PSB episodes in some objects.
In order to quantify the importance of ram-pressure stripping within our simulated PSBs we track the kinematics of the gas particles in our sample objects, and compare these with the motion of the host galaxy during the PSB period. We take advantage of the fact that ram-pressure stripping is a directional processes, which preferentially forces gas in the opposite direction to the motion of the galaxy through its host halo. Within the EAGLE snipshots which cover the PSB episode of each of our objects, we track the particles which were star-forming in one snipshot, and not in the next. As long as more than 10 particles meet this criteria we find the direction of the mean vector which describes their displacement, and compare this to the mean velocity vector of the galaxies' centre-of-potential. Objects where the expelled gas preferentially streams away behind the galaxy are good candidates for ram pressure stripping.
Of our 1244 simulated PSBs 122 (9.8 per cent) have outflows primarily in the direction opposite to which the galaxy is moving (within ±25 • ). This fraction is enhanced compared to our control sample galaxies (where ≈ 5% of objects show these signatures).
Visual inspection of these candidates shows that a small number of false positives are included, typically from major galaxy mergers in their early phases where both galaxies orbit one another and throw out tidal tails of gas behind them. The vast majority, however, have morphologies consistent with ram pressure being the dominant environmental effect.
As mentioned above, environmental effects, star formation and AGN winds are hard to disentangle fully, and may interact with one another to hasten gas removal (see e.g. Bahé & McCarthy 2015) . Despite this, 51 per cent of the newly accreted satellite population that become PSBs show ram-pressure signatures. This suggests that ram-pressure could well be an important mechanism in both triggering PSB episodes, and removing the star-forming gas in PSBs rapidly, at least in dense environments.
Mergers
Mergers are common occurrences for field galaxies, and are thought to play a role in triggering the starbursts that initiate the formation of PSBs (e.g. Zabludoff et al. 1996; Blake et al. 2004; Goto 2005; Yang et al. 2008; Pracy et al. 2009; Pawlik et al. 2016 Pawlik et al. , 2018 Maltby et al. 2018 ). For our simulated PSBs 358/1244 (29 per cent) have undergone a merger (with stellar mass ratio >0.01) within 0.5 Gyr of the onset of their PSB episode. Around 40 per cent of these mergers had a stellar mass ratio >0.1, while 10 per cent were 2:1 mergers or higher. The PSB features in these mergers can be caused by the consumption of gas in an extreme starburst, but also by the loss of gas in other ways, for instances in triggered AGN outbursts, or as gas is flung out in tidal tails. Up to ≈50% of the galaxies' gas can be expelled in tails (e.g. Barnes 2002) , which either escape, or eventually fall back onto the remnant galaxy. The infall of these tidal tails returns gas on long timescales, and is likely important in the blue-to-blue pathway some PSBs appear to follow (e.g. Pawlik et al. 2018, Pawlik et al. submitted) .
In Figure 14 we plot the merger rate (within ±0.5 Gyr of t PSB ) for our simulated PSBs, divided by the merger rate in the control galaxies as a function of the minimum merger ratio. We split the PSB population by look-back time in 1 Gyr intervals (shown as coloured dashed lines), and also show summary curves for lowand high-redshift (solid black and grey lines). At all redshifts the merger rate in the PSB population is enhanced relative to the control sample. At low redshift z < ∼ 0.6 the largest mergers are an order of magnitude more common in the PSB population than the controls. At higher redshift, where mergers of all types are more common, the PSB population shows an almost uniform enhancement in the derived merger rate.
Overall we thus conclude that, within EAGLE, major mergers are more important in creating PSBs at low redshift while more numerous minor mergers dominate at high redshift. This is in contrast to the results of Maltby et al. (2018) , who conclude that major mergers are most important at high redshifts. The difference between that study and this one is likely partly due to selection, as their lower redshift (0.5 < z < 1) sample is of significantly lower mass than we are able to probe here.
Summary
In summary, we find that a wide variety of mechanisms are involved in causing galaxies to enter a PSB phase, and for removing gas and suppressing star formation during that phase. The histogram presented in Figure 15 summarises the different mechanisms, showing the fraction of all our PSBs that are likely being affected by each process as a histogram bar. The fraction of the control galaxies undergoing this process is indicated with a black line on each bar. The categories are not exclusive, and do not sum to 100 per cent, but give an idea of the variety of processes affecting PSBs, and their relative importance.
Gas Kinematics
Observationally, many studies of the cold ISM use signs of disturbance to disentangle objects undergoing secular evolutionary processes from those experiencing more disruptive events. Only a limited number of resolved kinematic measurements have been made on gas-rich PSB galaxies (see e.g. Pracy et al. 2009; Swinbank et al. 2012; Klitsch et al. 2017) , however, with ALMA and the new generation of large optical integral field unit surveys it will be possible to expand the number of observed objects greatly. We here aim to predict the degree of disturbance one will find in these objects, and include mock observations for comparison to future observations. One way of classifying the degree of kinematic disturbance in a simulated gas disc is with κ, the fraction of kinetic energy invested in ordered rotation (e.g. Sales et al. 2012) . This is defined as
where K rot is the kinetic energy in ordered rotation, defined as
and K tot is the total kinetic energy
where N is the total number of star-forming gas particles within a given aperture, m i , v i and R i are the mass, total velocity and radius (from the centre of potential) of the ith particle and j z,i is its angular momentum in the direction of the angular momentum vector. Sales et al. (2012) used this parameter as a quantitative measure of simulated galaxy stellar morphology. Here we simply extend this concept to consider the gaseous components of galaxies (denoting this parameter κ gas ). This parameter is unfortunately hard to estimate observationally as it requires full 6D information (although advanced machine learning techniques may make this possible; see Dawson et al. in preparation) . Nonetheless, κ gas provides a simple way to classify kinematic disturbance, that correlates well with classifications obtained by inspecting the velocity fields by eye. Figure 16 shows the distribution of κ gas for the simulated PSBs in red, and the control galaxies in blue. The two populations show very different distributions. The control sample typically has quite relaxed gas discs, while the gas discs in the PSBs are typically very disturbed, with a low fraction of their total kinetic energy invested in ordered rotation. In this figure we concentrate on low redshift PSBs (z < 0.5), as these are the most likely to be probed observationally. At higher redshift the control sample objects are more disturbed on average, but this clear dichotomy remains. If one were to break up this histogram as a function of time then the PSB population shows some signatures of relaxation, with the average κ gas increasing by ≈0.1 over the ≈600 Myr PSB phase. The distribution remains broad, however, and dominated by object-to-object scatter, consistent with fairly long relaxation times (van de Voort et al. 2015; Davis & Bureau 2016) . One subtlety of this parameter is that it requires knowledge of the primary axis of each system. If one uses the angular momentum of the stars to define this, then one obtains a measure of the fraction of kinetic energy invested in ordered rotation in the same plane as the stars. In this case a perfectly ordered rotating polar structure, for example, would have a very low κ gas . Alternatively if one uses the gas itself to define the primary axis, then one gets a measure of how disturbed the gas is, without taking into account the stellar morphology. In Figure 16 we show κ gas defined with respect to the gaseous kinematic major axis. However, we repeated this analysis using the stellar distribution to define the primary axis then the picture changes little, suggesting the gas in these systems is often very disturbed, and not (yet) settled into regular rotating structures around any axis.
Mock observations
Gas-rich PSB galaxies are prime targets for observations with ALMA and other millimetre interferometers, and hence it is interesting to consider what we expect to see in these systems. In Figure 17 we show a time series of mock 12 CO(J=1-0) observations of two of our simulated PSBs during their PSB episode.
In order to create these we extracted the positions, velocities and masses of the star-forming gas particles from the EAGLE snipshots, and fed these as inputs to the KINEMATIC MOLECU-LAR SIMULATION (KINMS) routines of Davis et al. (2013) . We artificially redshifted each object to z = 0.07 (the mean redshift of our observational comparison sample), where 1 ≈1.3 kpc with our adopted cosmology. We performed mock observations using the KINMS tool with an observation setup typical of ALMA observations (a 1. 5 beamsize, 0. 5 pixels, 10 km s −1 channels and a sensitivity of ≈1.5 mJy/beam).
We chose two objects that have PSB episodes at low-redshift, and follow two of the typical evolutionary pathways we discussed above. The object in the top panel of Figure 17 (PSB29) undergoes ram pressure stripping of its ISM as it enters a larger halo. The object in the bottom panel (PSB385) undergoes a merger which triggers a starburst. This figure reflects the results discussed above: the gas in PSB is are typically disturbed in the buildup to the PSB episode, and has a compact (but still kinematically disturbed) morphology shortly thereafter.
Given the size evolution of PSBs (shown in Figure 11 ) it would seem that ≈one kiloparsec or better resolution is likely required to truly resolve the molecular gas reservoirs of typical PSB galaxies at low redshifts. We would predict that the majority of PSB galaxies will have disturbed gas, which is slowly beginning to settle back into the potential of the host galaxy (see Section 3.6). Figure 15 . The fraction of simulated PSBs which have clearly undergone a given process (described on the y-axis) in the ±0.5 Gyr around t PSB . The fraction of the control galaxies that underwent these processes in the same period is indicated with a black line on each bar. AGN outbursts are defined a being > 3σ above the median of the control sample. PSBs appear to be formed by a wide variety of processes, with micro-mergers being the most important. Figure 16 . The fraction of kinetic energy in the gas phase which has been invested in ordered rotation (κ gas ) for the z < 0.5 PSBs (red) and their control sample (blue). The gas in the PSBs is substantially more disturbed.
DISCUSSION AND CONCLUSIONS
In this paper we have selected PSB galaxies from the EAGLE (100 Mpc) 3 reference simulation, by searching for objects with a strong drop in their sSFR over a period of 600 Myr. These objects match the space density and stellar mass distribution of observed highmass PSB galaxies, and have realistic sizes. After post-processing the simulation to create mock spectra we find that these objects would make it into spectroscopic PSB galaxy samples, if observed at the correct phase in their evolution. These successes give us confidence that we can use this sample of simulated galaxies to study the cold gas properties of PSB galaxies.
The vast majority of our simulated PSBs have significant gas reservoirs, with median star-forming gas masses of ≈ 2 × 10 9 M at low redshift. At all redshifts <5 per cent of PSBs are completely devoid of star-forming gas (at the mass resolution of our simulation). We find only a small amount of evolution in the median gas content of PSB galaxies with cosmic time, evolving as ∼ (1 + z) rather than ≈ (1 + z) 2.5 for the evolution of the total molecular gas content of galaxies in this redshift range (e.g. Maeda et al. 2017 ).
Once one includes selection and volume effects we find good agreement between the observed and simulated gas masses of the PSB population.
The power of studying simulated PSB galaxies is that one can examine the time evolution of their properties, and compare this to observations (which necessarily reveal the properties of any one object only at a single time). This allows us to validate and interpret the observations, and guide future studies. We showed here that EAGLE well reproduces the observed time evolution of the gas fraction of the PSB galaxy population -with the average galaxy losing ≈90 per cent of its star-forming gas in only ≈600 Myr. The excellent reproduction of this observed trend in the simulations strengthens our confidence in this result, as well as lending additional credence to observational timescale determinations.
This fast evolution in the gas fraction of PSB galaxies is accompanied by a clear decrease in the efficiency of star formation. While not as dramatic as the observed star formation suppression seen in some PSBs (due to the mass limit and simple ISM model in EAGLE), the ubiquity of this lower SFE is striking. The processes which cause the PSB episode initially lead to a compaction of the gas disc, as a starburst occurs (or sometimes, at low redshift, as environmental effects remove the outer gas reservoir). As the PSB galaxy evolves the reservoir expands somewhat, leading to a lower dense gas fraction. Although a direct comparison is difficult, the sense of this correlation matches the observations of low HCN-to-CO ratios in PSB galaxies French et al. (2018a) .
We showed that the mechanisms causing galaxies to become PSBs are quite diverse, as are the mechanisms which quickly deplete the gas reservoirs of these systems.
• Both major (1:1 to 1:3) and minor mergers (<1:3) are important in creating PSBs. Major mergers are implicated most often at low redshift, while the more common minor mergers dominate at higher redshift. These mergers can create starbursts, and trigger AGN activity, both of which deplete the gas reservoir very quickly. Mergers can also throw tidal tails of gas to large radii, which at a later time can fall back and refuel the resultant galaxy.
• Environmental effects are also important, with ≈20 per cent of PSBs becoming a satellite around the time they exhibit PSB features, and with at least 50 per cent of these systems clearly suffering the effects of ram-pressure stripping. . Mock 12 CO(J=1-0) observations of two simulated PSBs (blue contours), overlaid on the stellar distribution of the object (orange, black contours) at several epochs during their PSB episode (indicated in the legend of each panel, with times relative to t PSB ). Each galaxy was artificially redshifted to z = 0.07 (the mean redshift of our observational comparison sample) and mock observed at 2 kpc (1. 5) resolution with parameters matching typical ALMA observing setups. The top object (PSB29) undergoes ram pressure stripping of its ISM as it enters a larger halo. The bottom object (PSB385) undergoes a merger which triggers a starburst. PSBs are typically disturbed in the buildup to the PSB epsiode, and have compact (but still kinematically disturbed) morphologies afterwards.
• Some AGN activity is present in almost all of the simulated PSB galaxies. However, we showed that this activity is somewhat sub-dominant, with less than 10 per cent of simulated PSBs having a strong AGN outburst during the PSB period. These outbursts are likely triggered by other mechanism(s) which have already created the PSB. Thus although it can help with the removal of gas, AGN activity does not seem to be an important way to create PSB galaxies in EAGLE. AGN also cannot be dominantly responsible for the depletion of the gas reservoirs in PSB galaxies, as high accretion rates are not present in the majority of PSB galaxies.
Finally we predict that, once high-resolution resolved images of the molecular gas in PSBs are available, they will show that the vast majority of PSB systems have disturbed gas kinematics. Within the simulation the fraction of PSBs that show dominant disc rotation (κ gas > 0.8) is very low (< 5 per cent). We also showed that fairly compact gas reservoirs should be expected, especially in recently quenched PSB galaxies. These small sizes persist for a long period of time at low redshifts, consistent with the small (physical) sizes of the residual cold gas reservoirs in quenched galaxies (e.g. Davis et al. 2013) .
We conclude that the evolution of PSB galaxies within the EAGLE (100 Mpc) 3 reference simulation is fully consistent with recent observations of molecular gas rich PSB galaxies. The mechanisms causing galaxies to become PSBs are diverse, but lead to a strikingly similar post-burst evolution, with a fast loss of gas and a low star formation efficiency that lasts for at least a gigayear. Further observational and theoretical work on such systems is crucial in order to reveal in detail the balance between different gas depletion mechanisms, and the physical processes suppressing the efficiency of star formation in such systems as they evolve towards the red sequence. ment was funded by BIS National E-infrastructure capital grant ST/K00042X/1, STFC capital grant ST/H008519/1, and STFC DiRAC Operations grant ST/K003267/1 and Durham University. DiRAC is part of the National E-Infrastructure (www.dirac.ac. uk).
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